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(54) METHOD FOR PREVENTING SCALING IN WET-PROCESS WASTE GAS TREATMENT 
EQUIPMENT 



(57) A method for preventing scale formation in a 
wet type exhaust gas treating apparatus is disclosed. 
An exhaust gas is contacted with a washing liquid con- 
taining water. The washing liquid contains at least one 
chelating agent which reacts with ions becoming a 
cause of scale formation to form a water-soluble chelate 
compound. 
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Description 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates to a method for purifying an exhaust gas in a wet mode, and more particularly, to a 
method for preventing scale formation in a wet type exhaust gas treating apparatus. 

RELATED ART 

[0002] A wet type exhaust gas treating apparatus is an apparatus for contacting an exhaust gas with a washing liq- 
uid containing water to remove fine particles, a water-soluble substance, and a water-decomposable substance in the 
exhaust gas. The wet type exhaust gas treating apparatus uses, for example, a packed column, a spray tower, a gas 
passage tank, and an agitating gas passage tank. 

[0003] As the washing liquid, tap water, or an aqueous solution containing some chemical in tap water is generally 
used. Such a wet type exhaust gas treating apparatus is often continuously run, and often circulates the washing liquid 
to decrease the amount of a waste liquor discharged to the environment. 

[0004] With the wet type exhaust gas treating apparatus involving the circulation of a washing liquid, it is known to 
supply a constant amount of water to the washing liquid and simultaneously discharge the same amount of water in 
order to permit a continuous run while preventing the reaction product between the washing liquid and a harmful com- 
ponent in the exhaust gas from building up in the system. 

[0005] However, there may be a buildup of insolubles, i.e., scale, in the washing liquid. If the insolubles form, they 
may adhere to a gas-liquid contact area, a circulating pump for the washing liquid, a piping, etc., causing a trouble such 
as blockage. 

[0006] Particularly, it will present a problem if feed water to be supplied to the washing liquid contains ions which 
react with a harmful component in the exhaust gas to form an insoluble compound. For example, if the washing liquid 
is kept neutral or alkaline and the feed water contains iron ions, insoluble iron hydroxide may be formed. If the feed 
water supplied to the washing liquid contains calcium ions and the exhaust gas contains a fluorine gas (F 2 ) or carbon 
dioxide (CO2). on the other hand, insoluble calcium fluoride and/or calcium carbonate may be formed in the washing 
liquid. Borate ions or silicate ions may also become the cause of scale. 

[0007] An exhaust gas containing a fluorine gas (F 2 ) and carbon dioxide (C0 2 ) may be discharged from an appa- 
ratus for production of a semiconductor device. For example, when dry etching of a silicon wafer or the like is performed 
with the use of a semiconductor device manufacturing apparatus such as an etching apparatus, f luorinated hydrocar- 
bons, such as CF 4 , CHF 3 and C 2 F 6 , are used. An exhaust gas from the etching apparatus contains a fluorine gas (F 2 ) 
and carbon dioxide (C0 2 ), decomposition products of the fluorinated hydrocarbons. 

[0008] During cleaning of the apparatus for producing a semiconductor device, an exhaust gas containing a fluorine 
gas (F^ may be discharged. When a thin film is to be formed on a semiconductor substrate, a chemical vapor deposi- 
tion apparatus is used as a semiconductor device manufacturing apparatus. In cleaning a thin film, adhered to the inner 
surface of a chamber or a piping of the chemical vapor deposition apparatus, with a CIF 3 gas, an exhaust gas containing 
a fluorine-containing gas, such as F 2 , SiF 4 , BF 3 or PF 3 , is discharged from the chemical vapor deposition apparatus. 
[0009] Furthermore, an exhaust gas from a semiconductor manufacturing apparatus may contain a boron com- 
pound such as BCI3 or BF 3 , or a silicon compound such as tetraethoxysilane (hereinafter referred to as TEOS) or 
SiH 2 CI 2 . The boron compound and silicon compound react with water in the washing liquid, and decompose into borate 
ions and silicate ions. These borate ions and silicate ions cause scale formation. 

[001 0] The system involving the formation of such insoluble products has required periodical washing and replace- 
ment of some parts for the purpose of preventing troubles. Maintenance of a treating apparatus is tiresome, and the 
parts to be replaced are costly. It is occasionally performed to withdraw part of the washing liquid, thereby keeping the 
concentration of the insoluble compound in the washing liquid at a level not higher than its solubility. However, this pro- 
cedure increases the amount of drainage, and is not preferred. 

[001 1 ] Japanese Unexamined Patent Publication No. 1 22470/1 975 describes the prevention of scale deposition on 
the internal surface of a boiler by adding a chelant-surfactant to an aqueous system. Japanese Unexamined Patent 
Publication No. 92888/1996 describes the prevention of scale by adding citric acid or its salt in a deinking process for 
waste paper. 

[0012] Neither publication, however, describes a method for treating an exhaust gas. Nor do these publications 
describe a method for treating an exhaust gas discharged from an apparatus for producing a semiconductor device. 

SUMMARY OF THE INVENTION 

[0013] A first aspect of the present invention aims to resolve the foregoing problems, and prevent the formation of 



2 

: <EP 1029581A1 J_> 



EP 1 029 581 A1 



an insoluble compound in a washing liquid. A second aspect and a third aspect of the invention are designed to produce 
a semiconductor device while treating an exhaust gas without forming an insoluble compound in a washing liquid. 
[0014] In all aspects of the invention, a chelating agent in a washing liquid is coordinated with ions to form a water- 
soluble chelate compound, thereby preventing the formation of an insoluble product. 

s [001 5] According to the first aspect of the invention, there is provided a method for purifying an exhaust gas in a wet 
mode, comprising the step of contacting the exhaust gas with a washing liquid containing water, the step of circulating 
the washing liquid to reuse it, the step of supplying a constant amount of a feed liquid per unit time to the washing liquid, 
and the step of discharging the constant amount of the washing liquid per the unit time from the washing liquid, the 
washing liquid containing at least one chelating agent which reacts with ions becoming a cause of scale formation to 

10 form a water-soluble chelate compound. 

[0016] According to the second aspect of the invention, there is provided a method for producing a semiconductor 
device, comprising the step of etching a precursor of the semiconductor device with an etching gas or its plasma in a 
chamber, the step of discharging the etching gas or its plasma from the chamber, the step of contacting an exhaust gas 
discharged from the chamber with a washing liquid containing water, the step of circulating the washing liquid to reuse 

75 it, the step of supplying a constant amount of a feed liquid per unit time to the washing liquid, and the step of discharging 
the constant amount of the washing liquid per the unit time from the washing liquid, the washing liquid containing at 
least one chelating agent which reacts with ions becoming a cause of scale formation to form a water-soluble chelate 
compound. 

[0017] According to the third aspect of the invention, there is provided a method for producing a semiconductor 
20 device, comprising the step of chemical vapor depositing a thin film-forming gas on a precursor of the semiconductor 
device in a chamber of a chemical vapor deposition apparatus to form a thin film, the step of withdrawing the resulting 
semiconductor device from the chamber, the step of cleaning the chamber of the chemical vapor deposition apparatus 
with a cleaning gas, the step of contacting an exhaust gas in the cleaning step, which has been discharged from the 
chamber of the chemical vapor deposition apparatus, with a washing liquid containing water, the step of circulating the 
25 washing liquid to reuse it, the step of supplying a constant amount of a feed liquid per unit time to the washing liquid, 
and the step of discharging the constant amount of the washing liquid per the unit time from the washing liquid, the 
washing liquid containing at least one chelating agent which reacts with ions becoming a cause of scale formation to 
form a water-soluble chelate compound. 

[001 8] According to a fourth aspect of the invention, there is provided a method for preventing scale formation in a 
30 wet type exhaust gas treating apparatus which treats an exhaust gas containing a fluorine gas and carbon dioxide by 
contacting the exhaust gas with a washing liquid, characterized in that at least one chelating agent which reacts with 
ions becoming a cause of scale formation to form a water-soluble chelate compound is added to the washing liquid. 
[0019] Preferably, the invention further has the step of adding an aqueous solution containing the chelating agent 
to the washing liquid or the feed liquid. Alternatively it is preferred for the invention to further have the step of adding a 
35 chemical solution containing water and the chelating agent to the washing liquid or the feed liquid. Alternatively, it is pre- 
ferred that the feed liquid be obtained by the step of passing water through a column packed with a solid chelating agent 
having suitable solubility. 

[0020] It is also preferred that the exhaust gas has been generated from a semiconductor device manufacturing 
apparatus. 

40 [0021 ] Preferably, the exhaust gas contains an acidic gas, and the claimed method further has the step of adding a 
basic chemical solution to the washing liquid or the feed liquid. Alternatively, it is preferred that the exhaust gas contains 
a basic gas, and the claimed method further has the step of adding an acidic chemical solution to the washing liquid or 
the feed liquid. 

[0022] Further preferably, a packed column, a spray tower, a gas passage tank, or an agitating gas passage tank 
45 is used in the contacting step. 

[0023] Preferably, the ions are metal ions. Alternatively, the ions are preferably iron ions, calcium ions, borate ions, 
or silicate ions. 

[0024] Furthermore, the chelating agent is preferably an aminocarboxylic acid or its salt, an oxycarboxylic acid or 
its salt, a silicate, or a polyphosphate. 
so [0025] Moreover, it is preferred for the claimed method to have the step of adding a chemical solution containing a 
pH adjustor to the washing liquid or the feed liquid. It is further preferred for the method to have the step of measuring 
the pH of the washing liquid, and the step of controlling the amount of the chemical solution containing the pH adjustor 
based on the measured value of pH. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

FIG. 1 is a schematic view of a device for performing the method of the present invention; 
FIG. 2 is a schematic view of another device for performing the method of the present invention; 
FIG. 3 is a schematic view of still another device for performing the method of the present invention; 
FIG. 4 is a schematic view of a further device for performing the method of the present invention; 
FIG. 5(a) is a schematic view of an embodiment of a gas-liquid contacting device; 
FIG. 5(b) is a schematic view of another embodiment of the gas-liquid contacting device; 
FIG. 6(a) is a schematic view of still another embodiment of the gas-liquid contacting device; 
FIG. 6(b) is a schematic view of a further embodiment of the gas-liquid contacting device; 
FIG. 7(a) is a schematic view of a still further embodiment of the gas-liquid contacting device; 
FIG. 7(b) is a schematic view of an additional embodiment of the gas-liquid contacting device; 
FIG. 8 is a schematic view of an embodiment of an etching apparatus; and 
FIG. 9 is a schematic view of another embodiment of the etching apparatus. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0027] The present invention prevents scale formation by adding a suitable chelating agent in a wet type exhaust 
gas treating apparatus in which a constant amount of water is fed to a washing liquid, and simultaneously the same 
amount of water is discharged. For the addition of the chelating agent, the following three methods are available: 

(1) An aqueous solution of a chelating agent is added to the washing liquid by a suitable method. 

(2) A suitable chelating agent is mixed beforehand with a chemical solution to be added for imparting treating per- 
formance to the washing liquid. 

(3) Feed water is passed through a column packed with a solid chelating agent having suitable solubility, and then 
added to the washing liquid. 

[0028] These three methods will be described in detail with reference to the attached drawings. 
[0029] FIGS. 1 to 3 are schematic views of apparatuses corresponding to the methods (1) to (3). In FIGS. 1 to 3, 
the reference numeral 1 denotes an exhaust gas, 2 a gas-liquid contact area, 3 a treated gas, 4 a washing liquid, 5 a 
circulating pump, 6 a flow meter, 7 feed water, 8 a flow meter, 9 a drainage pipe, 1 0 waste water, 1 1 a chemical solution, 
1 2 and 14 pumps, 13 an aqueous solution of a chelating agent, 15 a mixed solution of a chemical solution and a chelat- 
ing agent, 16 a solid chelating agent, 17 a dissolving tank, and 19 a pH electrode for measuring pH. 
[0030] With reference to FIG. 1 , the exhaust gas 1 is contacted with the washing liquid 4 in the gas-liquid contact 
area 2, thereby rid of components to be treated, and discharged as the treated gas 3. The washing liquid 4 is circulated 
in the apparatus by the circulating pump 5. To the washing liquid, a constant amount of feed water 7 is supplied via the 
flow meter 8. Waste water 10 in the same amount as the amount of feed water supplied is discharged by the drainage 
pipe 9. To obtain constant treating performance, the chemical solution 1 1 is supplied to the circulating water by the 
pump 12. 

[0031] Simultaneously, the aqueous solution 13 of a chelating agent adjusted to a suitable concentration is added 
to the circulating water by the pump 1 4. 

[0032] Examples of the chelating agent are © aminocarboxylic acids, such as EDTA (ethylenediaminetetraacetic 
acid), and their salts, © oxycarboxylic acids, such as citric acid, and their salts, © silicates such as sodium metasili- 
cate, and ® polyphosphates such as sodium pyrophosphate. It goes without saying that other chelating agents may be 
used, if they can form in the washing liquid water-soluble complexes with ions in the feed water or washing liquid which 
will serve as the origin of insoluble products. 

[0033] The concentration of the chelating agent in the washing liquid needs to be adjusted in consideration of the 
ion concentration in the feed water, the amount of the feed water, and the composition of the washing liquid so that the 
concentration of the chelating agent will be at least the concentration necessary for converting most of ions in question 
into chelate compounds. The concentration, and the amount of supply, of the aqueous solution of the chelating agent 
need to be determined to fulfill this requirement. 

[0034] In FIG. 1 , the chemical solution 1 1 and the aqueous solution 13 of chelating agent are added to circulating 
water. However, the chemical solution 11 and/or the aqueous solution 13 of chelating agent may be added to the feed 
water 7. 

[0035] Next, with reference to FIG. 2, the exhaust gas 1 is contacted with the washing liquid 4 in the gas-liquid con- 
tact area 2, thereby rid of components to be treated, and discharged as the treated gas 3. The washing liquid 4 is cir- 
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culated in the apparatus by the circulating pump 5. To the washing liquid, a constant amount of feed water 7 is supplied 
via the flow meter 8. Waste water 10 in the same amount as the amount of feed water supplied is discharged by the 
drainage pipe 9. To obtain constant treating performance, the mixed solution 15 of a chemical and a chelating agent is 
supplied by the pump 12. 

5 [0036] The same chelating agent as described in connection with FIG. 1 can be used. However, it is necessary to 
select such a chelating agent as will not cause heat generation or other troubles with treatment upon mixing with the 
chemical for obtaining treating performance. 

[0037] The concentration of the chelating agent in the washing liquid needs to be adjusted in consideration of the 
ion concentration in the feed water, the amount of the feed water, and the composition of the washing liquid so that the 
10 concentration of the chelating agent will be at least the necessary concentration to convert most of ions in question into 
chelate compounds. The chelating agent is fed simultaneously with the chemical to be added to impart treating perform- 
ance. Thus, it is also necessary to determine the amount of the chelating agent added, in view of the amount of the 
chemical solution used as an additive tor imparting treating performance. 

[0038] In FIG. 2, the mixed solution 15 is added to circulating water. However, the mixed solution 15 may be added 
15 to the feed water 7. 

[0039] With reference to FIG. 3, the exhaust gas 1 is contacted with the washing liquid 4 in the gas-liquid contact 
area 2, thereby rid of components to be treated, and discharged as the treated gas 3. The washing liquid 4 is circulated 
in the apparatus by the circulating pump 5. To the washing liquid, a constant amount of feed water 7 is supplied via the 
dissolving tank 17 charged with a suitable solid chelating agent 16, and via the flow meter 8. Waste water 10 in the 
20 same amount as the amount of feed water supplied is discharged by the drainage pipe 9. To obtain constant treating 
performance, the chemical solution 1 1 is supplied by the pump 12. 

[0040] The same chelating agent as described in connection with FIG. 1 can be used. However, it is necessary to 
select a solid chelating agent having solubility such that the concentration of the chelating agent in the washing liquid 
will be the necessary concentration to prevent formation of insoluble products. 
25 [0041] In FIG. 3, the chemical solution 1 1 is added to circulating water. However, the chemical solution 1 1 may be 
added to the feed water 7. 

[0042] The washing liquid may contain a pH adjuster, a buffer, and a surfactant in addition to the chelating agent. 
Examples of the pH adjuster are chemicals for imparting basicity, such as sodium hydroxide and potassium hydroxide, 
and chemicals for imparting acidity, such as hydrochloric acid and sulfuric acid. 
30 [0043] If the exhaust gas contains an acidic gas, such as a gas of hydrochloric acid, the washing liquid gradually 
becomes acidic, and decreases in pH. To prevent the decrease in pH, it is necessary to add a basic chemical solution 
to the washing liquid or the feed water. Examples of the basic chemical solution are aqueous solutions of sodium 
hydroxide and potassium hydroxide. 

[0044] If the exhaust gas contains a basic gas, such as ammonia, the washing liquid gradually becomes basic, and 
35 increases in pH. If free iron ions exist (for example, if the amount of the chelating agent reacting with iron ions is small), 
iron hydroxide forms, developing scale. To prevent the increase in pH, it is necessary to add an acidic chemical solution 
to the washing liquid or the feed liquid. Examples of the acidic chemical solution are diluted hydrochloric acid and 
diluted sulfuric acid. 

[0045] The pH of the washing liquid 4 is preferably measured with a pH meter such as the pH electrode 1 9. Further 
ao preferably, the amount of the chemical solution supplied is controlled based on the readings on the pH meter. Control 
may be performed by human judgment, or may be automatic control using a computer. 

[0046] A packed column, a spray tower, a gas passage tank, or an agitating gas passage tank is used in the gas- 
liquid contacting device. The gas-liquid contacting device may be, for example, a packed column as illustrated in FIG. 
5(a). 

45 [0047] FIG. 5(a) shows a packed column 20 packed with packing 22 such as Raschig rings. The exhaust gas is 
generally introduced into a region above the liquid level of a washing liquid 29 and below the packing 22, and is brought 
into contact with the packing 22. Then, the treated gas is discharged from above the packing 22. On the other hand, a 
washing liquid 28 is introduced onto an upper surface 23 of the packing 22 through a spray nozzle 24 or the like dis- 
posed above the packing 22. In a lower portion of the packed column 20, the washing liquid 29 is held. Mainly while the 

so exhaust gas 1 and the washing liquid 28 are passing through the packing 22, the exhaust gas 1 and the washing liquid 
28 contact each other. There are no restrictions on the shape and size of the packing 22, and any packing which permits 
gas-liquid contact can be used. 

[0048] FIG. 5(b) shows a spray tower having a spray nozzle 24 installed inside. Through the spray nozzle 24, a 
washing liquid 28 is jetted in a spray form. Mainly when the exhaust gas 1 passes through the spray, gas-liquid contact 
55 takes place. 

[0049] FIG. 6(a) shows a gas passage tank. A gas passage tank 30 has a tank 32 for holding a washing liquid 31 , 
and an exhaust gas introducing portion 34 for introducing an exhaust gas into the washing liquid. Preferably, a baffle 
plate 36 is provided on a side wall of the tank 32. 
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[0050] An exhaust gas 1 is introduced into the exhaust gas introducing portion 34, and admitted into the washing 
liquid 31 from a front end 35 of the exhaust gas introducing portion 34. Bubbles 38 of the exhaust gas rise through the 
washing liquid 31 , gather in an upper space of the tank 32, and discharge. The washing liquid 31 is introduced into the 
tank 32 via a piping (not shown), and discharged from the tank 32 through a piping (not shown). 
5 [0051] FIG. 6(b) shows a gas passage tank 30 using a multi-hole pipe 39. The multi-hole pipe 39 is attached to a 
front end of an exhaust gas introducing portion 34, whereby tiny bubbles 39 can be introduced into a washing liquid 31 . 
In FIG. 6(b), elements common to FIG. 6(a) are assigned the same reference numerals, and their explanations are 
omitted. 

[0052] An agitating gas passage tank can be used as a gas-liquid contact device. The agitating gas passage tank 
10 preferably has a tank for holding a washing liquid, an agitating portion for agitating the washing liquid, and an exhaust 
gas introducing portion for introducing an exhaust gas into the washing liquid. The agitating portion has, for example, a 
motor, a shaft rotatably joined to the motor, and a blade fixed to the shaft. The exhaust gas is introduced into the wash- 
ing liquid from an outlet of the exhaust gas introducing portion. The outlet of the exhaust gas introducing portion is pref- 
erably near the blade of the agitating portion. 
is [0053] In short, the agitating gas passage tank has the agitating portion provided in an agitation tank. In FIGS. 7(a) 
and 7(b), elements common to FIGS. 6(a) and 6(b) are assigned the same reference numerals, and their explanations 
are omitted. 

[0054] In FIGS. 7(a) and 7(b), an agitating portion 40 has a motor 42, a shaft 44 rotatably joined to the motor, and 
an agitating blade 46 fixed to the shaft. 

20 [0055] In FIG. 7(a), two or more of the agitating blades 46 (disc turbine blades) are fixed to the shaft 44, and each 
agitating blade 46 has a disc-shaped circumferential portion 47 and right-angled turbine blades 48. Immediately below 
the agitating blade 46 located at a lowermost position, a front end 35 of an exhaust gas introducing portion 34 is placed. 
The agitating blades are preferably installed at two levels, an upper level and a lower level, in order to increase the dwell 
time of bubbles in the liquid and the shearing force of the agitating blade. 

25 [0056] The agitating blades 46 are rotated at a high speed in the washing liquid, and at the same time, an exhaust 
gas is guided into a washing liquid 31 from the front end 35 of the exhaust gas introducing portion 34. By the shearing 
force of the agitating blades 46. the exhaust gas is formed into tiny bubbles, and dispersed in the liquid. 
[0057] In FIG. 7(b), an exhaust gas is guided, in a state made tiny by a multi-hole pipe 39. from immediately below 
an agitating blade 46. Further, the gas in tiny form is turned into tiny bubbles by the shearing force of the agitating blade 

30 46 installed just above there, and dispersed in the liquid. 

[0058] Apparatuses for production of a semiconductor device include, for example, an etching apparatus, and a 
chemical vapor deposition (CVD) apparatus. An exhaust gas occurring from the apparatus for production of a semicon- 
ductor device includes an exhaust gas generated during a manufacturing process for the semiconductor device, and an 
exhaust gas generated during cleaning of the manufacturing apparatus after production of the semiconductor device. 

35 [0059] Examples of the semiconductor device are not restricted, and include diode, transistor, thyristor, memories 
such as ROM and RAM, and CPU. 

[0060] Precursors of the semiconductor device are, for example, a substrate composed of a semiconductor, and a 
laminate of the substrate and a thin film placed thereon. The semiconductor of the substrate includes, for example, the 
elements of group IV, such as silicon; and compound semiconductors, such as lll-V compound semiconductors and II- 

40 VI compound semiconductors. 

[0061 ] When the precursor of the semiconductor device is etched with an etching gas or its plasma, an exhaust gas 
is discharged. The etching step in the method for producing a semiconductor device is described, for example, in Jap- 
anese Patent Publication Nos. 14151/1981 and 45310/1982. All the disclosures of Japanese Patent Publication Nos. 
14151/1981 and 45310/1982 are cited in the present specification. Methods for producing semiconductors, and semi- 

45 conductor devices are also described in Jacqueline I. Kroschwitz, Mary Howe-Grant, "Kirk-Othmer, Encyclopedia 
Chemical Technology", 4th Edition, Vol. 21 , 720-816. John Wiley & Sons, Inc., 1997. All the descriptions in this publica- 
tion are cited in the present specification. Semiconductor devices are further described in M.S. Tyagi, "Introductic 1 to 
Semiconductor Materials and Devices," John Wiley & Sons, Inc., 1 991 , 299-562. Its descriptions are cited in the prei 
specification. Furthermore, methods for producing semiconductor devices are described on pages 563-612 of "Ir 

so duction to Semiconductor Materials and Devices". Its descriptions are cited in the present specification. 

[0062] Etching includes sputter etching which is performed by physical bombardment of an etching gas, reac • \ > 
ion etching which uses synergy between physical bombardment of an etching gas and a chemical reaction with tns 
etching gas, and plasma etching which relies on a chemical reaction with an etching gas without substantially involving 
physical bombardment of the etching gas. 

55 [0063] For sputter etching, a fluorinated hydrocarbon such as CF 4 , CHF 3 or C 2 F 6 is preferably used as an etching 
gas. In reactive ion etching and plasma etching, BCi 3 , BF 3 , and Cl 2 are used preferably as etching gases. 
[0064] FIG. 8 is a schematic view of an etching apparatus. The etching apparatus has a vacuum chamber 50, and 
an electrode 52 placed inside the vacuum chamber 50. The electrode 52 is connected to a high frequency voltage 58. 
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On the electrode 52, a precursor 62 of a semiconductor device, e.g., a semiconductor wafer, is placed. The high fre- 
quency voltage is applied to the electrode 52 with an etching gas 64 being flowed into the vacuum chamber 50, whereby 
sputter etching or reactive ion etching is performed for the precursor 62 of the semiconductor device. In this case, the 
type of the etching gas 64 determines which of sputter etching and reactive ion etching is performed. An exhaust gas 

5 66 is discharged from the vacuum chamber, and introduced into an exhaust gas treating apparatus. 

[0065] In FIG. 8, one electrode was used. However, as shown in FIG. 9, a pair of electrodes 54 and 56 may be used. 
In FIG. 9, a high frequency voltage 58 is applied to the electrode 54 and the electrode 56, with an etching gas 64 being 
flowed into a vacuum chamber 50, whereby sputter etching or reactive ion etching is performed for a precursor 62 of a 
semiconductor device placed on the electrode 54. An exhaust gas 66 is discharged from the vacuum chamber, and 

io introduced into an exhaust gas treating apparatus. 

Examples 

[0066] The present invention will now be described concretely by way of Examples, which in no way limit the inven- 
ts tion. 

Example 1 : 

[0067] FIG. 4 is a schematic view of an apparatus for carrying out the present invention. In FIG. 4, the apparatus of 
20 FIG. 3 is equipped with a bypass pipe 1 8 (an instrument for comparison) having a valve bypassing a dissolving tank 1 7, 
and a pH electrode 19 for monitoring the pH of a washing liquid. 

[0068] In the schematic view as FIG. 4, an exhaust gas 1 containing 5,000 ppm of F 2 was treated. The flow rate of 
the exhaust gas was 50 liters/min. The exhaust gas 1 was countercurrent contacted with a washing liquid 4 in a gas- 
liquid contact area 2 packed with Raschig rings, thereby rid of components to be treated, and discharged as a treated 

25 gas 3. The dimensions of a packed column were 250 mm in diameter, and 400 mm in height. The washing liquid 4 was 
circulated at a rate of 10 liters/min in the apparatus by a circulating pump 5. To the washing liquid, 0.5 liter/min of feed 
water 7 was supplied via the dissolving tank 17 charged with 15 kg of EDTA (ethylenediaminetetraacetic acid) 16 and 
via a flow meter 8. To obtain constant performance for treating the gas, the pH of the washing liquid was monitored with 
the pH electrode 19 so that when the pH became less than 8, a 25% sodium hydroxide solution 11 would be supplied 

30 by a pump 1 2. Waste water 1 0 in the same amount as the amount of feed water supplied was discharged by a drainage 
pipe 9. 

[0069] One hour after initiation of gas treatment, feed water at an inlet and an outlet of the dissolving tank 17 and 
waste water 10 were sampled and measured for the calcium ion concentration, the iron ion concentration, the fluorine 
ion concentration, and the EDTA concentration. 
35 [0070] Incidentally, these concentrations in the washing liquid are assumed to be equal to those in the waste water. 
[0071 ] The results are shown in Table 1 . 



Table 1 



Component 


Inlet of dissolving tank 


Outlet of dissolving tank 


Waste water 


Ca 


0.25 


0.24 


0.24 


Fe 


0.10 


0.10 


0.10 


F 


<0.01 


<0.0 


141 


EDTA 


<0.1 


0.8 


0.76 


PH 


6.5 


5.0 


8.0 


(Unit except pH: mmols/liter) 



50 

[0072] Table 1 shows that the feed water at the inlet of the dissolving tank contained 0.25 mmol/liter of calcium and 
0.10 mmol/liter of iron. These concentrations were nearly the same as those at the outlet of the dissolving tank. The 
feed water at the inlet of the dissolving tank contained no EDTA. but 0.80 mmol/liter of EDTA was detected at the outlet 
55 of the dissolving tank. This may be ascribed to the dissolution of EDTA that has been accommodated in the dissolving 
tank. Since the solubility of EDTA is about 7 mmols, about 10% of the solubility is judged to have been dissolved. The 
concentrations of calcium and iron in the waste water were nearly equal to those at the outlet of the dissolving tank. It 
is speculated that since calcium and iron formed soluble chelate compounds with EDTA, calcium and iron did not pre- 
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cipitate or deposit as calcium fluoride and iron hydroxide in the exhaust gas treating apparatus, but were discharged in 
their unchanged concentrations. 

[0073] For comparison, feed water 7 was supplied not via the dissolving tank 14, but via the bypass pipe 15 The 
results are shown in Table 2. 



Table 2 



Component 


Feed water 


Waste water 


Ca 


0.24 


0.01 


Fe 


0.10 


0.02 


F 


<0.01 


40 


EDTA 


<0.1 


<0.1 


PH 


6.5 


8.2 


(Unit except pH: mmols/liter) 



20 [0074] Table 2 shows that the feed water contained 0.24 mmol/liter of calcium and 0. 10 mmol/liter of iron. Whereas 
the concentrations of calcium and iron in the waste water were 0.01 mmol/liter and 0.02 mmol/liter, respectively, both 
very lower than in the feed water. Most of calcium and iron may have precipitated and deposited as calcium fluoride and 
iron hydroxide in the exhaust gas treating apparatus. 

25 Example 2: 

[0075] With the use of the apparatus of FIG. 2, an exhaust gas 1 containing 5,000 ppm of F 2 was treated. The flow 
rate of the exhaust gas was 50 liters/min. The exhaust gas 1 was countercurrent contacted with a washing liquid 4 in a 
gas-liquid contact area 2 packed with Raschig rings, thereby rid of components to be treated, and discharged as a 
treated gas 3. The dimensions of a packed column were 250 mm in diameter, and 400 mm in height. The washing liquid 
4 was circulated at a rate of 10 liters/min in the apparatus by a circulating pump 5. To obtain constant performance for 
treating the gas, the pH of the washing liquid was monitored with a pH electrode 16 so that when the pH became less 
than 8, a 25% sodium hydroxide solution 11 would be supplied by a pump 12. This sodium hydroxide solution had 1 0 
mmol/g of EDTA dissolved therein beforehand. Waste water 10 in the same amount as the amount of feed water sup- 
plied (1 liter/min) was discharged by a drainage pipe 9. 
[01 S] Ten hours after initiation of gas treatment, feed water 7 and waste water 1 0 were sampled and measured for 
the calcium ion concentration, the iron ion concentration, the fluorine ion concentration, and the EDTA concentration. 
[0077] Incidentally, these concentrations in the washing liquid are assumed to be equal to those in the waste water 
[0078] The results are shown in Table 3. 

40 



30 



35 



Table 3 



45 



50 



Component 


Feed water 


Waste water 


Ca 


0.25 


0.25 


Fe 


0.10 


0.10 


F 


<0.01 


21 


EDTA 


<0.1 


3.5 


PH 


5.0 


8.0 


(Unit except pH: mmols/liter) 



[0079] Table 3 shows that the feed water contained 0.25 mmol/liter of calcium and 0. 1 0 mmol/liter of iron. The con- 
centrations of calcium and iron in the waste water were nearly equal to those at the outlet of the dissolving tank It is 
speculated that since calcium and iron formed soluble chelate compounds with EDTA. calcium and iron did not precip- 
itate or deposit as calcium fluoride and iron hydroxide in the exhaust gas treating apparatus, but were discharged in 
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their unchanged concentrations. 

[0080] For comparison, the same investigation as above was conducted using a 25% NaOH solution containing no 
EDTA. The results are shown in Table 4. 

5 

Table 4 



Component 


Feed water 


Waste water 


Ca 


0.24 


0.01 


Fe 


0.10 


0.02 


F 


<0.01 


20 


PH 


6.5 


8.2 


(Unit except pH: mmols/liter) 



[0081 ] Table 4 shows that the feed water contained 0.24 mmol/liter of calcium and 0.1 0 mmoiyiiter of iron. Whereas 
the concentrations of calcium and iron in the waste water were 0.01 mmol/liter and 0.02 mmol/liter, respectively, both 
very lover than in the feed water. Most of calcium and iron may have precipitated and deposited as calcium fluoride and 
20 iron hydroxide in the exhaust gas treating apparatus. 

[0082] According to the present invention, the chelating agent in the washing liquid is coordinated with ions to form 
a water-soluble chelate compound, thus making it possible to prevent the occurrence of an insoluble product. Further- 
more, the burden of periodical washing for the exhaust gas treating apparatus, as well as the frequency of parts 
replacement could be decreased without increases in the amount of drainage. 

25 

Claims 

1 . A method for purifying an exhaust gas in a wet mode, comprising the steps of: 

30 contacting the exhaust gas with a washing liquid containing water; 

circulating the washing liquid to reuse it; 

supplying a constant amount of a feed liquid per unit time to the washing liquid; and 
discharging the constant amount of the washing liquid per the unit time from the washing liquid, 
the washing liquid containing at least one chelating agent which reacts with ions becoming a cause of scale 
35 formation to form a water-soluble chelate compound. 

2. The method of claim 1, further including the step of adding an aqueous solution containing the chelating agent to 
the washing liquid or the feed liquid. 

ao 3. The method of claim 1 , further including the step of adding a chemical solution containing water and the chelating 
agent to the washing liquid or the feed liquid. 

4. The method of claim 1 , wherein the feed liquid is obtained by the step of passing water through a column packed 
with a solid chelating agent having suitable solubility. 

45 

5. The method of any one of the preceding claims, wherein the exhaust gas has been generated from an apparatus 
for producing a semiconductor device. 

6. The method of claim 1, wherein the exhaust gas contains an acidic gas, and the step of adding a basic chemical 
so solution to the washing liquid or the feed liquid is further included. 

7. The method of claim 1, wherein the exhaust gas contains a basic gas. and the step of adding an acidic chemical 
solution to the washing liquid or the feed liquid is further included. 

55 8. The method of any one of the preceding claims, wherein a packed column, a spray tower, a gas passage tank or 
an agitating gas passage tank is used in the contacting step. 

9. The method of any one of the preceding claims, wherein the ions are metal ions. 
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1 0. The method of any one of the preceding claims, wherein the ions are iron ions, calcium ions, borate ions, or silicate 
ions. 



11. The method of any one of the preceding claims, wherein the chelating agent is an aminocarboxylic acid or its salt, 
an oxycarboxylic acid or its salt, a silicate, or a polyphosphate. 

12. The method of claim 1 , comprising the step of adding a chemical solution containing a pH adjuster to the washing 
liquid or the feed liquid. 

1 3. The method of claim 1 2, comprising the steps of: 

measuring the pH of the washing liquid; and 

controlling the amount of the chemical solution containing the pH adjustor based on the measured value of pH. 

14. A method for producing a semiconductor device, comprising the steps of: 

etching a precursor of the semiconductor device with an etching gas or its plasma in a chamber: 
discharging the etching gas or its plasma from the chamber; 

contacting an exhaust gas discharged from the chamber with a washing liquid containing water; 
circulating the washing liquid to reuse it; 

supplying a constant amount of a feed liquid per unit time to the washing liquid; and 

discharging the constant amount of the washing liquid per the unit time from the washing liquid, 

the washing liquid containing at least one chelating agent which reacts with ions becoming a cause of scale 

formation to form a water-soluble chelate compound. 

15. A method for producing a semiconductor device, comprising the steps of: 

chemical vapor depositing a thin film-forming gas on a precursor of the semiconductor device in a chamber of 

a chemical vapor deposition apparatus to form a thin film; 

withdrawing the resulting semiconductor device from the chamber; 

cleaning the chamber of the chemical vapor deposition apparatus with a cleaning gas; 

contacting an exhaust gas in the cleaning step, which has been discharged from the chamber of the chemical 

vapor deposition apparatus, with a washing liquid containing water; 

circulating the washing liquid to reuse it; 

supplying a constant amount of a feed liquid per unit time to the washing liquid; and 

discharging the constant amount of the washing liquid per the unit time from the washing liquid, 

the washing liquid containing at least one chelating agent which reacts with ions becoming a cause of scale 

formation to form a water-soluble chelate compound. 

16. The method of claim 14 or 15, further including the step of adding an aqueous solution containing the chelating 
agent to the washing liquid or the feed liquid. 

17. The method of claim 14 or 15, further including the step of adding a chemical solution containing water and the 
chelating agent to the washing liquid or the feed liquid. 

18. The method of claim 14 or 15, wherein the feed liquid is obtained by the step of passing water through a column 
packed with a solid chelating agent having suitable solubility. 

19. The method of claim 14 or 15, wherein the exhaust gas contains an acidic gas, and the step of adding a basic 
chemical solution to the washing liquid or the feed liquid is further included. 

20. The method of claim 14 or 15, wherein the exhaust gas contains a basic gas, and the step of adding an acidic 
chemical solution to the washing liquid or the feed liquid is further included. 

21. The method of claim 14 or 15. wherein a packed column, a spray tower, a gas passage tank, or an agitating gas 
passage tank is used in the contacting step. 

22. The method of claim 14 or 15, wherein the ions are metal ions. 
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23. The method of claim 14 or 15, wherein the ions are iron ions, calcium ions, borate ions, or silicate ions. 

24. The method of claim 14 or 15, wherein the chelating agent is an aminocarboxylic acid or its salt, an oxycarboxylic 
acid or its salt, a silicate, or a polyphosphate. 

25. The method of claim 14 or 15, comprising the step of adding a chemical solution containing a pH adjustor to the 
washing liquid or the feed liquid. 

26. The method of claim 25, comprising the steps of: 

measuring the pH of the washing liquid; and 

controlling the amount of the chemical solution containing the pH adjustor based on the measured value of pH. 

27. A method for preventing scale formation in a wet type exhaust gas treating apparatus which treats an exhaust gas 
75 containing a fluorine gas and carbon dioxide by contacting the exhaust gas with a washing liquid, characterized in 

that 

at least one chelating agent which reacts with ions becoming a cause of scale formation to form a water-solu- 
ble chelate compound is added to the washing liquid. 

20 
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